ABSTRACT The purpose of this aper has been to investigate the effect of solvent on radiationess transitions. Two types of the solvent effect have been studied: one is the so-called medium-induced radiationless transition, i.e., the radiationless transition induced by the interaction between the solute and solvent, and the other is the effect of solvent on the radiationless transition through the change in energy gap induced by the solute-solvent interaction.
Introduction
Recently the collision-induced radiationless transition has been investigated both experimentally (1) (2) (3) (4) (5) (6) and theoretically (7) (8) (9) . In this paper, we shall report a theory of the radiationless transition induced by the medium in the condensed medium in connection with the solvent effect on radiationless transitions. The phenomena of the medium-induced radiationless transition were first reported by Merkel and Kearns (10).
Theory
We shall assume that the system consists of the excited solute molecule and the solvent molecules. The process to be studied is the electronic relaxation of the excited solute molecule induced by its interaction with the surrounding solvent molecules. For this purpose, we use the Fermi golden rule, wab(T)m = *Y, £ZPaI(1v/IH/IbV )I2a(Ea -Eb,-") e VI/ Using the adiabatic approximation, lav' > = 4)a(qQ)$avu(Q);Jbv" > = 4b(qQ)Db"(Q) Eq. can be written as Wab(T)m = I £ p.Il((iav lH'ab1(Db )l16(EaV -Eb,") [2] [3] where H'ab = (4baI H'j Ib). If [2] [3] [4] [5] [6] [7] [8] where the superscript D refers to the excited solute molecule. Eq. [2] [3] [4] [5] [6] [7] [8] represents the contribution from the first term [i.e., AA(0)J in Eq. [2] [3] [4] [5] [6] [7] and shows that in this case the solvent molecule does not accept any energy during the electronic relaxation of the excited solute molecule. In other words, in this case the role of the solvent molecule is to induce the radiationless transition.
For a dipole-allowed transition, Eq. [2] [3] [4] [5] [6] [7] [8] can be easily simplified (11) Wab(T)ml =Wab(O)ml exp (z hjAj) where fi1 = (eh,'u/kT -1)-', Ai is defined by [2] [3] [4] [5] [6] [7] [8] [9] I__ //Mb t'jw1
AEab is the energy gap, A1 is related to the change in normal coordinate between the two electronic states, So = i2 Aj 2, c, denotes a weighted average frequency, and Wab(O)ml represents the transition probability at T = 0, 
Discussion
The medium-induced radiationless transition can be regarded as a solvent effect on the electronic relaxation. The rate of electronic relaxation can be expressed as (12) Wab(T) = 2 Z ZZ IRt(ab)I Pay' KGav' QDb,> X 6(Eav' -Ebv") where R (ab) =-h2 (4SaI (a/OQ)iA f4b). Here the Condon approximation has been used; the validity of the Condon approximation has been examined by Nitzan and Jortner (13) and Freed and Lin (14) . [3] [4] Here AE'b = AEb-hw', and Cb(AE'ab) is exactly the same expression as that given by Eq. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] with AEab being replaced by AE'aib. For convenience it is assumed that only one promoting mode is involved. The observed nonradiative rate constant in a polar solvent is the sum of Wab(T) and Wab(T)m, [3-5lo Eq. [3] [4] [5] shows that if no other solvent effect exists, then W,&(T) can be regarded as the nonradiative rate constant of the gaseous phase and that in a polar solvent the observed nonradiative constant is increased; the amount of the solvent effect in this case is determined by the squared ratio of the dipole-dipole interaction to the vibronic interaction. As mentioned before, if more than one solvent molecule participates in the medium-induced radiationless transition, then the final expression for Wab(T)m is obtained by summing Eq. [2] [3] [4] [5] [6] [7] [8] [9] over all the solvent molecules involved.
It should be noted that in Eq. [3] [4] [5] only the contribution from AA (0) is included, and thus Eq. [3] [4] [5] is applicable only to big AEab; it predicts no effect on W(T) from the solvent deuteration. For small AEab, the solvent participation in the electronic relaxation becomes important and the solvent deuteration will affect W(T). In this case, we have
x exp ( h-a log Sabi C)b(Eabi) [3] [4] [5] [6] where AEab = AEab -hwj(A).
Other solvent effects on the radiationless transition may be attributed to the changes in the electronic wavefunctions 4Ia and Ib, the energy gap, and the coupling strength So caused by the interaction between the solute molecule and the solvent molecules. If the interaction between the solute and the solvent is not strong (like the polarization interaction, change-transfer interaction, hydrogen-bonding, etc.), the most important effect will probably be due to the energy gap change. In this case,
hw, S& [3] [4] [5] [6] [7] where Wab(T), represents the nonradiative rate constant in the solvent and AE. denotes the shift in energy gap due to the solvent effect. In other words, if it is a red shift, the rate will be increased, while if it is a blue shift, the rate will be decreased. The same effect can also be caused by the application of an external pressure (15) . From Eq. [3] [4] [5] [6] [7] we can see that from the solvent effect measurement of the nonradiative rate constant, we can determine (1/hCV) log (AEab/So~hd). (16) (17) (18) (19) (20) . The present communi-10QU5,34
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